1. Introduction {#sec1}
===============

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in men and women worldwide \[[@B1]\]. The apparent cardioprotective effects of endogenous estrogens seem to prevent CVD in premenopausal women, when compared with age-matched men; following menopause and the consequent loss of hormonal effects, gender-based differences in CVD are reduced \[[@B1]\], but the precise causes remain to be fully elucidated. Although previous studies have spotlighted the effects of estrogens, no conclusive evidence has proven their role in reducing the incidence of CVD \[[@B2]\], and some studies indicate that the cardiovascular effects usually attributed to menopause are merely a consequence of the older age of menopausal women \[[@B3], [@B4]\]. So it seems clear that more studies are needed to understand the precise influence of gender and menopause in cardiovascular risk (CVR). Moreover, it seems imperative to develop a more flexible technique, using not only the classical markers of CVD but also new "nontraditional" ones that have been increasingly associated with disease and pathology.

Chronic inflammation is currently viewed as a key factor in the development of atherosclerosis, contributing to raise the overall CVR in CVD populations. An inflammatory imbalance, as manifested by increased proinflammatory cytokines, such as the tumor necrosis factor alpha (TNF-*α*) and/or reduced levels of anti-inflammatory and antiatherogenic mediators such as adiponectin, has been considered a key factor for the increased CVR in some pathology \[[@B5], [@B6]\] and thus deserves more attention in the menopausal stage. Similar importance is now attributed to the phenomenon of angiogenesis, which has the vascular endothelial growth factor (VEGF) as a (new and increasingly important) biomarker \[[@B7]\].

Low-density lipoprotein (LDL) oxidation is associated with coronary artery disease (CAD), since it is a promoter of key steps in the onset and evolution of atherosclerosis, including stimulation of monocyte infiltration and smooth muscle cell migration and proliferation; conversely, high levels of high-density lipoprotein cholesterol (HDL-c) prevents the development of atherosclerosis and CAD, in particular due to the transport of reserve cholesterol and the inhibition of oxidized LDL- (Ox-LDL-) induced monocyte infiltration \[[@B8]\]. The functionality, in addition to the concentration, of lipoproteins seems to play a role in the development and progression of atherosclerosis. Paraoxonase 1 (PON1) is an HDL-containing enzyme with antiatherogenic and antioxidant properties, including protection against LDL oxidation \[[@B9]\]. In fact, Ox-LDL and HDL are indeed antagonists in the development of CVD \[[@B7]\]. Several studies have shown a strong negative correlation between their levels and the development of atherosclerosis, but their role in the determination of CVR in gender and menopause remains to be clarified \[[@B10], [@B11]\]. Recent findings suggest that monitoring the type of HDL particles (carry distinct and specific proteins or lipids and differentiated by their density and size---large, intermediate, and small), rather than their total quantity, is a more reasonable way of determining the CV risk, suggesting that different subpopulations may have a different role in reverse cholesterol transport and CVD risk protection \[[@B12]\]. In fact, some recent studies have been reporting that large HDL levels are reduced in patients with CAD compared to healthy subjects and inversely related to both disease severity and progression of coronary lesions \[[@B13]\].

This study aimed to evaluate the influence of gender and menopause on CVR in a population of healthy volunteers, using both traditional and new nontraditional markers and focusing on Ox-LDL and on HDL subpopulations given their recognized association with CVD.

2. Materials and Methods {#sec2}
========================

2.1. Subjects and Ethical Consideration {#sec2.1}
---------------------------------------

One hundred and twenty-four volunteers, including 56 men and 68 women (48 pre- and 20 postmenopausal), aged from 16 to 75, were randomly recruited during the performance of routine laboratory analysis in a clinical laboratory. The volunteers were selected after not expressing any diagnosis or taking medication for CVD, no family history of cardiovascular disease, and with serum levels of traditional routine lipid measures and glycemia within the normal range. Written informed consent was obtained from volunteers, each of whom completed the same questionnaire. Participants were not using exogenous steroids, not taking any medication, and did not declare any disease. Menopausal status (pre- and postmenopausal women) was defined by the questionnaire, and menstrual status was self-reported during the interviews. The definition of the World Health Organization \[[@B14]\] was used, which considers postmenopausal status as absence of menstruation for at least 12 months. The mean duration of menopause in our sample was 11.9 ± 1.6 years. No surgical-evoked menopause was included. Pregnant women were excluded from this study. The smoking habits of the populations were self-reported as (a) men: 47 nonsmokers and 9 smokers; (b) women: 56 nonsmokers and 12 smokers; (c) premenopausal women: 37 nonsmokers and 11 smokers; (d) postmenopausal women: 19 non-smokers and 1 smoker. The study was performed in agreement with the code of ethics of the World Medical Association (Declaration of Helsinki) and received authorization from the local ethics committee.

2.2. Data and Blood Collection {#sec2.2}
------------------------------

The following data was obtained from each subject by trained personnel: weight and height (without shoes and wearing light outdoor clothing) were measured in order to calculate body mass index (BMI), waist circumference (WC), and systolic and diastolic blood pressure (SBP and DBP), the latter of which were assessed in the sitting position after a 5 min rest. Blood samples were collected by venopuncture from the subjects after an overnight fasting period, via both EDTA-containing tubes and tubes without anticoagulant, in order to obtain plasma, buffy-coat, and serum, and processed within 2 hours of collection. Aliquots were immediately stored at −80°C until assayed.

2.3. Laboratory Procedures {#sec2.3}
--------------------------

### 2.3.1. Lipid Profile {#sec2.3.1}

Serum total cholesterol (total-c), HDL cholesterol (HDL-c), LDL cholesterol (LDL-c), and triglycerides (TGs) were analysed on a Hitachi 717 analyser (Roche Diagnostics) using standard laboratorial methods. Total-c reagents and TGs kit were obtained from bioMérieux SA (Lyon, France). HDL-c plus and LDL-c plus tests were obtained from F. Hoffmann-La Roche Ltd. (Roche Diagnostics Div., Basel, Switzerland). Serum glucose levels were measured using a glucose oxidase commercial kit (Sigma, St. Louis, Mo, USA). Plasma concentration of Ox-LDL was evaluated by using a standard commercial enzyme-linked immunoassay (Oxidized LDL ELISA, Mercodia, Uppsala, Sweden) (intra- and interassay precision of \<7.3% and \<6.2%, resp.).

### 2.3.2. HDL Subpopulations Assay {#sec2.3.2}

Subpopulations were separated and quantified using a Lipoprint kit from Quantimetrix Corp. (Redondo Beach, CA, USA). The assay involves a polyacrylamide gel electrophoresis assay and a complete Lipoprint System for data acquisition and quantification of large, intermediate, and small subpopulations of HDL.

### 2.3.3. PON1 Paraoxonase Activity {#sec2.3.3}

It was assessed spectrophotometrically and expressed in nmol of p-nitrophenol/mL/min. In brief, paraoxonase activity was measured by adding serum to 1 mL Tris/HCl buffer (100 mmol/L, pH 8.0) containing 2 mmol/L CaCl~2~ and 5.5 mmol/L paraoxon (O,O-diethyl-O-p-nitrophenylphosphate; Sigma Chemical Co.). The rate of generation of p-nitrophenol was determined at 412 nm, 37°C, via the use of a continuously recording spectrophotometer (Beckman DU-68).

### 2.3.4. Serum Inflammatory, Angiogenic, and Endothelial Markers {#sec2.3.4}

Serum adiponectin, TNF-*α*, and VEGF contents were assessed using Quantikine enzyme-linked immunoassays kits from R&D Systems (Minneapolis, USA) (intra-assay precision: \<4.7%, \<8.5%, and \<6.7%; interassay precision: \<10.6%, \<6.9%, and \<8.8%, resp.); serum intercellular adhesion molecule 1 (iCAM1) levels were evaluated by using an ElISA kit from Abcam (Cambridge, MA, USA) (intra- and interassay precision of \<10% and \<12%, resp.); high-sensitivity C-reactive protein (hsCRP) was evaluated by immunoturbidimetry, using commercially available kits (CRP (latex) high sensitivity, Roche Diagnostics); uric acid was analyzed on a Hitachi 717 analyser (Roche Diagnostics) using standard laboratory methods.

2.4. Statistical Analysis {#sec2.4}
-------------------------

Statistical analysis was performed by using the IBM statistical package for social sciences (SPSS) for Windows, version 20.0, (SPSS, Inc., Chicago, IL, USA). The distribution of continuous variables was analyzed using the Kolmogorov-Smirnov tests, to assess significant departures from normality. Comparisons between groups were performed using the independent samples *t*-test and the Mann-Whitney test. Adjustment of statistical differences for confounding factors (age and BMI) was performed using analysis of covariance (ANCOVA). The association between categorical variables was analyzed using Pearson\'s test. Statistical significance was accepted at *P* less than 0.05.

3. Results {#sec3}
==========

3.1. Anthropometric Data {#sec3.1}
------------------------

The demographic and anthropometric data of volunteer subjects (men and women---pre- and postmenopause) are summarized in [Table 1](#tab1){ref-type="table"}. One hundred and twenty-four volunteers were recruited: 56 men and 68 women (48 in the premenopausal and 20 in the postmenopausal stage). The men population presented significantly higher age and BMI than the women one ([Table 1](#tab1){ref-type="table"}); all data was analyzed after age and BMI adjustment. Men presented significantly higher values of WC, fasting glycemia, and systolic and diastolic BP, relative to the women subjects (*P* = 0.000 for all).

Postmenopausal women presented significantly higher age and BMI than premenopausal women ([Table 1](#tab1){ref-type="table"}), and data was analyzed after adjusting for both parameters. Postmenopausal women showed significantly higher values of WC, fasting glycemia, and systolic and diastolic BP (*P* = 0.000 for all).

3.2. Classical Lipid Profile {#sec3.2}
----------------------------

[Table 2](#tab2){ref-type="table"} summarizes the results obtained for all markers of lipid, inflammatory, and angiogenic profile tested in the study. With respect to classical lipid profile, several significant differences were found between men and women volunteers: (1) total-c (*P* = 0.001), TGs, and LDL-c (*P* = 0.000, for both) serum content were significantly higher in men, and (2) serum HDL-c concentrations were significantly (*P* = 0.000) lower ([Figure 1](#fig1){ref-type="fig"}). Despite these differences, it must be emphasized that, with the exception of total-c (slightly above acceptable limits), all of these values were within the normal range.

Concerning the effects of menopause, the following significant differences were observed: (1) serum LDL-c contents were significantly (*P* = 0.005) higher in postmenopausal women, and (2) HDL-c levels were significantly (*P* = 0.001) lower (Figures [1(a)](#fig1){ref-type="fig"} and [1(c)](#fig1){ref-type="fig"}, resp.). No statistically significant differences were found between both groups with respect to total-c and TGs levels ([Table 2](#tab2){ref-type="table"}).

3.3. Ox-LDL, HDL Subpopulations, and Paraoxonase Activity {#sec3.3}
---------------------------------------------------------

Nonclassical markers of lipid profile confirm the notoriously protective status of women (and specifically, premenopausal women): Ox-LDL content is significantly higher in men and postmenopausal groups (*P* = 0.000 and *P* = 0.009, resp.) ([Figure 1(b)](#fig1){ref-type="fig"}). The concentration of the more protective HDL subpopulation (large HDL) was significantly higher in women (as opposed to men) and premenopausal (as opposed to postmenopausal) women (*P* = 0.000 and *P* = 0.014, resp.) ([Figure 1(d)](#fig1){ref-type="fig"}). No differences were found between groups with regard to the content of the "less protective" HDL subpopulation (small HDL) or of intermediate HDL ([Figure 1(d)](#fig1){ref-type="fig"}). The increased CVR in men is also manifested by the higher Ox-LDL/LDL-c ratio (*P* = 0.000), while no statistical significant differences were found between the pre- and postmenopausal groups ([Table 2](#tab2){ref-type="table"}). PON1 activity was lower in women (*P* = 0.008) and unchanged between pre- and postmenopausal subgroups.

3.4. Markers of Inflammation, Angiogenesis, and Endothelial Lesion {#sec3.4}
------------------------------------------------------------------

TNF-*α* levels were higher (*P* = 0.000) in men than in women, a tendency that was coupled with decreased (*P* = 0.015) adiponectin contents ([Table 2](#tab2){ref-type="table"}), with values unchanged for pre- and postmenopausal subjects. hsCRP contents were higher in women (*P* = 0.019) relative to men and in postmenopausal (*P* = 0.002) relative to premenopausal subjects. Uric acid concentration was higher in men (*P* = 0.000), but no differences were found between the pre- and postmenopausal subjects. Values for the marker of endothelial lesion (iCAM-1) were found to be unchanged across groups. VEGF serum levels were significantly increased in postmenopausal women (*P* = 0.047), with unchanged levels across gender ([Table 2](#tab2){ref-type="table"}).

3.5. Analysis of Correlations between Markers of CVR {#sec3.5}
----------------------------------------------------

### 3.5.1. Ox-LDL Correlations with HDL Subpopulations {#sec3.5.1}

A significant negative correlation was found between large HDL-c and Ox-LDL for men and women ([Figure 2(b1)](#fig2){ref-type="fig"}), and postmenopausal ([Figure 2(b2)](#fig2){ref-type="fig"}) volunteers (*r* = −0.288, *P* = 0.045; *r* = −0.366, *P* = 0.008; *r* = −0.570, *P* = 0.011, resp.); a significant positive correlation was also established between small HDL-c and Ox-LDL for the same groups (*r* = 0.306, *P* = 0.033; *r* = 0.324, *P* = 0.020; *r* = 0.579, *P* = 0.009, resp.) (Figures [2(c1)](#fig2){ref-type="fig"} and [2(c2)](#fig2){ref-type="fig"}, resp.). No significant correlations were found between these parameters for the premenopausal group ([Figure 2(b2)](#fig2){ref-type="fig"} and [2(c2)](#fig2){ref-type="fig"}, resp.). Moreover, total HDL-c showed no correlation with Ox-LDL in any study group (Figures [2(a1)](#fig2){ref-type="fig"} and [2(a2)](#fig2){ref-type="fig"}).

### 3.5.2. TNF-*α* Correlations with Lipid Parameters {#sec3.5.2}

Analysing the correlation between TNF-*α* and (resp.) total HDL-c, large HDL-c, and small HDL-c, a significant negative correlation was found between TNF-*α* and both total HDL-c and large HDL-c in women and (resp.) postmenopausal (Figures [3(a1)](#fig3){ref-type="fig"}, [3(a2)](#fig3){ref-type="fig"}, [3(b1)](#fig3){ref-type="fig"} and [3(b2)](#fig3){ref-type="fig"}, resp.) volunteers (*r* = −0.345, *P* = 0.013; *r* = −0.325, *P* = 0.175; *r* = −0.031, *P* = 0.830; *r* = −0.489, *P* = 0.033, resp.) and a significant positive correlation between TNF-*α* and small HDL-c in postmenopausal women (*r* = 0.658, *P* = 0.002) ([Figure 3(c2)](#fig3){ref-type="fig"}). Regarding LDL-c and Ox-LDL, the first parameter showed a significant positive correlation with TNF-*α* in the women group (*r* = 0.283, *P* = 0.044) ([Figure 3(e1)](#fig3){ref-type="fig"}) but no significant correlations in the other study groups; Ox-LDL presented a significant positive correlation with TNF-*α* in both men and postmenopausal women (*r* = 0.612, *P* = 0.000 and *r* = 0.570, *P* = 0.011, resp.) (Figures [3(d1)](#fig3){ref-type="fig"} and [3(d2)](#fig3){ref-type="fig"}).

4. Discussion {#sec4}
=============

The main finding of this study is that men and postmenopausal women volunteers present an increased CVR, which is better diagnosed when analyzed in terms of nontraditional markers. Across genders, the increased CVR in men is hidden behind an almost-normal classic lipid panel, reinforcing the importance of new biochemical markers. In fact, even though the contents of total-c, LDL-c, and TGs were significantly higher, and those of HDL-c significantly lower, in men (versus women), all values were within the normal range. Since previous studies have described the existence of lifetime variation of lipid profile measures according to age (in both genders) \[[@B15], [@B16]\], our results of comparisons between groups were obtained with adjustment for age in order to eliminate this putative confounding factor. In addition to the classical lipid profile parameters, men volunteers also presented higher values for Ox-LDL content and Ox-LDL/LDL-c ratio, as well as lower large HDL-c concentration, all of which are lipid profile parameters not considered classically. Combined hyperlipidemia (i.e., elevated LDL-c and TGs) has been shown to increase the risk of coronary heart disease (CHD) to a significantly greater extent than either high LDL-c or TGs alone, which might result from an additive effect on LDL oxidation \[[@B17]\]. In our study, despite both parameters being in the normal range in men subjects, they presented higher values of these parameters than women, a fact that was coupled with a concomitant increase in Ox-LDL. Relative to women, men also presented significantly increased BMI, WC, and glycemia, which seemingly also contribute to elevated Ox-LDL, as suggested in other studies \[[@B18]--[@B20]\]. Thus, slight (coupled) increases of blood lipids and glucose, as well as obesity, while within the normal clinical range, could create a prooxidative condition leading to LDL and HDL oxidation, as manifested in the men subjects.

While low levels of HDL-c are associated with increased CAD risk \[[@B21]\], a recent trial suggests that high serum HDL-c content is not equally atheroprotective \[[@B22]\]. Rather, it has been suggested that a better indicator of functionality may be HDL quality \[[@B23], [@B24]\], which depends on its subpopulations\' type (large versus small) and constituents, including PON1 activity \[[@B25], [@B26]\]. Our results are in agreement with this theory: indeed, the beneficial HDL profile found in women, relative to men, was reinforced by significantly enlarged content of large HDL and a decrease in small HDL. Thus, HDL-c values in men (while within the normal range) are associated with a seemingly less protective subpopulation typology. Interestingly, while no significant correlations were found between total HDL-c versus Ox-LDL content in men or women, there were significant correlations between Ox-LDL and both large HDL-c (negatively correlated) and small HDL-c (positively correlated) in each group, thereby supporting the notion that the typology of HDL subpopulations is a more relevant marker than traditional total HDL-c content. The HDL-containing enzyme PON1 has been associated with antioxidant and antiatherogenic properties, and is reduced in some populations of increased CVR \[[@B25], [@B26]\]. In our study, women presented decreased PON1 activity, despite their increased HDL-c levels, which is in opposition with previous data that showed a slightly higher value \[[@B27]\]. However, PON1 activity is modulated by different aspects, including diet, smoking, and exercise habits \[[@B28]--[@B30]\]. In fact, as an important CVR factor, smoking habits could also modulate other mediators or factors involved in the development of CVD, including BMI, hsCRP, oxidized lipoproteins, and HDL-c. In agreement, future works will analyse this influence.

Apart from the nontraditional markers of lipid profile (in particular Ox-LDL and HDL subpopulations), men subjects also presented a proinflammatory pattern, which is a major contributor for the development of atherogenesis. Indeed, men population showed higher serum concentration of TNF-*α* and uric acid, accompanied by decreased adiponectin levels. The reduced plasma cytokine concentrations, including IL-6 and TNF-*α*, in women have been attributed to the inhibitory effect of estrogens on the expression of inflammatory marker genes \[[@B31]--[@B33]\]. The body fat distribution, particularly abdominal visceral and subcutaneous adiposity, has been associated with gender-related variation in inflammatory markers, including hsCRP, IL-6, TNF-*α*, and adiponectin. In fact, fat distribution is known to differ across genders, with men having more visceral and less subcutaneous fat \[[@B34]\]. In our study, even after having adjusted for BMI, we cannot exclude a contribution of abdominal visceral adiposity in men, as manifested by increased WC, for the more prejudicial inflammatory status found relative to women population, which included not only higher TNF-*α* content but also lower levels of adiponectin. Adiponectin is synthesized mainly in subcutaneous fat cells---of which women have more than men---and it is secreted mostly by adipocytes, while inflammatory cytokines are secreted mainly from nonfat cells in adipose tissue \[[@B35], [@B36]\], which is in agreement with our data. In fact, other authors have suggested that the visceral adipose tissue is responsible for release factors (including TNF-*α*) that inhibit adiponectin synthesis from the subcutaneous adipocytes \[[@B37]--[@B39]\], which is in agreement with our data and hypothesis of men having more visceral adipose tissue (as the increased WC suggests), as well as increased TNF-*α* content and, consequently, lower adiponectin. Interestingly, while in the women group there was a significant positive correlation between TNF-*α* content and total HDL-c, as well as a significant inverse correlation with LDL-c, in men population TNF-*α* concentration was better correlated with Ox-LDL levels, which were significantly higher in men than in women and which in turn supports the notion that Ox-LDL is a good marker of risk in men and that oxidative damage of lipoproteins is associated with increased inflammation. Indeed, Ox-LDL has already been suggested as a better marker of risk for other conditions \[[@B40]--[@B42]\].

Chronic inflammation and endothelial dysfunction, as observed in patients with increased serum uric acid (SUA), are likely to intervene in the mechanisms through which SUA affects renal structure and operation \[[@B43]\], thereby leading to the development of hypertension in (especially young) individuals \[[@B44]\]. Conversely, it has been questioned if uric acid increases as a defense mechanism to counteract the increased oxidative stress associated with insulin resistance, inflammation, and other risk factors that usually cluster with increased SUA concentrations \[[@B45]\]. Many studies show a stronger correlation between SUA and cardiovascular risk in women, thereby justifying the need for a gender-based evaluation of this correlation. On the other hand, metabolic syndrome was positively associated with increasing SUA, regardless of gender. Abdominal obesity and hypertriglyceridemia were the main factors associated with hyperuricemia even in normotensive individuals, and they may add a higher risk for hypertensive individuals \[[@B46]\]. Our data is in agreement with each of these observations, as it shows a simultaneous increase in uric acid, TGs, waist circumference and blood pressure in men relative to women. Whether the increased uric acid in men is a compensatory protective mechanism against inflammation and oxidation, or a contributor to the increased cardiometabolic profile, remains to be clarified.

While assessing the influence of menopause on CVR, we found that nontraditional markers once again play a key role in distinguishing between pre- and postmenopausal women. Indeed, the relatively larger concentration of LDL-c and the lower concentration of HDL-c associated with the postmenopausal state seem to be of little clinical significance, since in each case values are within the normal range, and no differences were found in total-c and TGs levels. However, Ox-LDL content was higher and large HDL-c lower in postmenopausal women, a trend that was coupled with increased hsCRP, thereby demonstrating a dyslipidaemic and proinflammatory profile. Furthermore, postmenopausal women presented significantly increased BMI, waist circumference, blood pressure, and glycemia, without a typical profile of dyslipidaemia, and these trends seem to be better expressed by nonclassical parameters, such as oxidized LDL (as opposed to the typically used LDL-c content) and large HDL-c (as opposed to total HDL-c content). Interestingly, Ox-LDL concentration has no correlation with total-c content in postmenopausal women but was strongly significantly correlated with large HDL-c (inversely) and small HDL-c (directly), which underlines the relevance of those parameters in postmenopausal risk determination. Thus, menopause seems to cause a reduction of absolute HDL-c levels but more importantly changes in the composition of HDL particles. Such a conclusion is in agreement with Eapen et al. \[[@B47]\] who reported an alteration in the distribution of HDL subspecies in menopause, with a reduction seen in the proportion of large, buoyant HDL2 particles, which are believed to be more active in reverse cholesterol transport \[[@B48]\]; in contrast, the number of smaller, more dense HDL3 subfragments increases \[[@B49], [@B50]\]. In addition, ex vivo biochemical analysis of lipoproteins from pre- and postmenopausal women suggests that the postmenopausal HDL particle exhibits impaired ability to limit LDL oxidation \[[@B51]\]. Despite the impaired composition of HDL particles in postmenopausal women, we did not find differences in PON1 activity. It has been pointed out that the latter HDL-associated enzyme has protective effects against inflammation in the arterial wall and that it is capable of destroying the biologically active lipids in mildly oxidized LDL; several studies have previously reported that CHD is associated with low PON activity \[[@B52], [@B53]\]. In our data, however, PON1 activity is unchanged in postmenopausal women, which is in agreement with previous data from Zago et al. \[[@B51]\], who also found no differences in pre- versus postmenopausal women, as well as with the study of Horter et al. \[[@B55]\], who failed to find any significant association between CHD and paraoxonase or arylesterase activity in postmenopausal women.

Adipocytokine levels have previously been associated with estrogens, suggesting that menopause impacts on inflammatory mediators \[[@B56]\]. In our study, although the TNF-*α* increase in postmenopausal women (relative to premenopausal women) did not achieve statistical difference, the values presented strongly significant correlations with the previous markers: namely, a positive correlation with large HDL-c and Ox-LDL and an inverse correlation with small HDL-c. Surprisingly, no correlation was found between TNF-*α* levels and total HDL-c and LDL-c concentrations, which are the clinically checked parameters. Moreover, no correlation was found between TNF-*α* and either HDL-c contents (total or subpopulations) or LDL-c levels (oxidized or nonoxidized measures) in premenopausal women, thereby demonstrating that the nontraditional parameters gain particular relevance after menopause and are deserving of closer attention in postmenopausal women. With regard to other mediators/markers of the inflammatory process, we found a significant increased concentration of hsCRP in the postmenopausal women. Previous studies on menopause and inflammation have showed that obesity is associated with an inflammatory state that is often characterized by elevated plasma hsCRP levels \[[@B57]\]. In our study, hsCRP was significantly increased in postmenopausal women, who also presented excess weight/obesity. hsCRP is an important marker for this condition, because after menopause the consequent decrease in estrogen levels contributes to widespread weight gain in women; furthermore, increased contents of hsCRP, a marker of systemic inflammation, are associated with increased incidence of CVD, independently of other conventional risk factors \[[@B58]\]. By contrast, adiponectin levels of the pre- and postmenopausal groups were the same, and adiponectin was uncorrelated with age, in agreement with a study of Goodarzi et al. \[[@B59]\], but in disagreement with Loucif et al. \[[@B60]\]. So it seems that menopause impacts less on adiponectin as a mediator, suggesting that women have higher adiponectin contents than men, irrespective of their menopausal state. A similar association was found for TNF-*α*, with women having significantly lower concentrations, whether before or after menopause.

VEGF serum levels are lower in premenopausal than postmenopausal women, which is in disagreement with the data from another study \[[@B60]\]. It should be noted that none of the volunteers entering in our study were under hormone replacement therapy (HRT), which could influence the levels of VEGF, although published studies are contradictory on this effect \[[@B61], [@B62]\].

The data obtained suggest that men subjects present an increase CV risk when compared to women which is mainly viewed by nontraditional markers and might result from slight, but concomitant, variations of several factors (despite values within the normal clinical range), including increment of TC, LDL-c, TG, and glycemia and reduced HDL-c, together with increased BMI. The accumulation of factors seems to promote an oxidative and inflammatory profile, with increased contents of Ox-LDL and reduced of large-HDL-c, as well as of the proinflammatory cytokine TNF-*α*, and reduced of anti-inflammatory adiponectin. This cluster of procardiometabolic alterations (even of slight intensity), together with increased uric acid and blood pressure, might represent an enhanced CV risk when compared with women subjects, which seem to be protected, namely, before menopause. Similarly, after menopause, women present an increased BMI, waist circumference, and glycemia, which might underlie the modifications of cardiometabolic profile. Indeed, postmenopausal women, despite only slightly higher values of LDL-c and lower of HDL-c (an unchanged of TC and TGs), presented an oxidative, angiogenic, and proinflammatory profile, with increased contents of Ox-LDL and VEGF and reduced of large HDL-c, together with increased hsCRP, suggesting once again that a cluster of slight variations of traditional markers (despite in the normal clinical range) promotes a poor cardiometabolic profile.

To conclude, in a population without previous diagnosis and medication for CVD, as well as without familiar history of CVD, and with serum levels of traditional routine lipid measures and glycemia within the normal range, there are nontraditional measures related with lipid, inflammatory, and angiogenic profiles that cannot be minimized and would deserve attention, as they show an increased CVR in men and in postmenopausal women. Although the issue is not consensual when refers to factors that might affect the CVR in a healthy population, this data suggests more attention to nonclassical parameters as putative biomarkers of the CV status in a population without any noticeable classical signal, marker, symptom, or previous history appointment of CVD. However, the study has some limitations that deserve further research in future work: (a) the possibility of bias related with the study design and criteria for inclusion of subjects; (b) the enlargement of sample size will strength the results; (c) a better age and BMI matching of populations would improve the data; (d) cardiovascular outcomes (e.g., events) will allow better association between markers and CVR.

5. Conclusions {#sec5}
==============

Men and postmenopausal women present a lipid profile indicative of an increased CVR, relative to women and premenopausal women, respectively. This increased risk may be quantified by nontraditional lipid profile markers, including (the relative content of) Ox-LDL and HDL subpopulations, as well as markers of inflammation and angiogenesis (including TNF-*α* and adiponectin for comparisons across genders and VEGF for comparisons between pre- and postmenopausal women). In addition, postmenopausal women manifest a proatherogenic risk that should receive special attention and might warrant early pharmacotherapeutic intervention to prevent premature development of CVD. Finally, this study suggest that some of the classical markers of cardiovascular (namely, lipidic) profile, often insensitive to risk, may present normal or only slightly elevated values and still within the normal clinical range, recommending that routine biochemical data would improve with the inclusion of other reliable and specific markers with additional information of cardiometabolic risk.
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![Correlation of TNF-*α* with total HDL-c (a), large HDL-c (b), small HDL-c (c), LDL-c (d), and Ox-LDL (e). Upper panel---gender influence (men versus women); lower panel---menopause influence (pre- versus postmenopause). (a1) men *r* = −0.119, *P* = 0.410; (a1) women: *r* = −0.345\*, *P* = 0.013; (b1) men: *r* = −0.221, *P* = 0.122; (b1) women: *r* = −0.031, *P* = 0.830; (c1) men: *r* = 0.148, *P* = 0.305; (c1) women: *r* = 0.025, *P* = 0.862; (d1) men: *r* = 0.612\*\*\*, *P* = 0.000; (d1) women: *r* = 0.146, *P* = 0.301; (e1) men: *r* = 0.193, *P* = 0.180; (e1) women: *r* = 0.283\*, *P* = 0.044. (a2) premenopause: *r* = −0.325, *P* = 0.070; (a2) postmenopause: *r* = −0.325, *P* = 0.175; (b2) premenopause: *r* = 0.126, *P* = 0.491; (b2) postmenopause: *r* = −0.489\*, *P* = 0.033; (c2) premenopause: *r* = −0.222, *P* = 0.222; (c2) postmenopause: *r* = 0.658\*\*, *P* = 0.002; (d2) premenopause: *r* = 0.017, *P* = 0.924; (d2) postmenopause: *r* = 0.570\*, *P* = 0.011; (e2) premenopause: *r* = 0.186, *P* = 0.308; (e2) postmenopause: *r* = 0.380, *P* = 0.108.](DM35-02-724706.003){#fig3}

###### 

Demographic and anthropometric data of the study groups.

  Parameters                Men population (*n* = 56)   Women population (*n* = 68)   *P*     Premenopause (*n* = 48)   Postmenopause (*n* = 20)   *P*
  ------------------------- --------------------------- ----------------------------- ------- ------------------------- -------------------------- -------
  Age, years (range)        53.07 ± 1.90 (22--75)       43.16 ± 1.81 (21--69)         0.000   35.40 ± 1.39 (21--54)     61.80 ± 1.40 (49--69)      0.000
  BMI, Kg/m^2^              27.55 ± 0.61                25.28 ± 0.50                  0.003   24.51 ± 0.59              27.14 ± 0.81               0.016
  Waist circumference, cm   99.50 ± 1.53                89.16 ± 1.32                  0.000   87.57 ± 1.48              93.08 ± 2.60               0.000
  SBP, mmHg                 141.77 ± 2.57               131.95 ± 2.82                 0.000   123.04 ± 2.59             154.00 ± 4.38              0.000
  DBP, mmHg                 85.36 ± 1.40                82.85 ± 1.51                  0.000   79.74 ± 1.70              90.53 ± 2.41               0.000
  Glycemia, mmol/L          5.44 ± 0.08                 4.94 ± 0.06                   0.000   4.78 ± 0.06               5.33 ± 0.14                0.000

Results are presented as mean ± SEM. *P*values adjusted for age and BMI. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.

###### 

Lipid profile and markers of inflammation, angiogenesis, and endothelial lesion of the study groups.

  Parameters                                                      Men population (*n* = 56)   Women population (*n* = 68)   *P*\*   Premenopause (*n* = 48)   Postmenopause (*n* = 20)   *P*\*
  --------------------------------------------------------------- --------------------------- ----------------------------- ------- ------------------------- -------------------------- -------
  Llipid profile                                                                                                                                                                         
  Total-c, mmol/L                                                 5.53 ± 0.13                 5.16 ± 0.10                   0.001   4.99 ± 0.10               5.55 ± 0.21                0.063
  TGs, mmol/L                                                     1.29 ± 0.08                 1.00 ± 0.05                   0.000   0.93 ± 0.06               1.18 ± 0.11                0.145
  LDL-c, mmol/L                                                   3.58 ± 0.12                 3.13 ± 0.09                   0.000   2.96 ± 0.09               3.54 ± 0.20                0.005
  Ox-LDL, U/L                                                     49.21 ± 2.29                31.42 ± 1.50                  0.000   28.51 ± 1.44              36.46 ± 2.98               0.009
  Ox-LDL/LDL-c ratio                                              13.69 ± 0.50                9.95 ± 0.31                   0.000   9.66 ± 0.41               10.43 ± 0.46               0.352
  HDL-c, mmol/L                                                                                                                                                                           
   Total HDL-c                                                    1.34 ± 0.05                 1.54 ± 0.04                   0.000   1.59 ± 0.05               1.43 ± 0.08                0.001
   Large HDL-c                                                    0.41 ± 0.03                 0.66 ± 0.04                   0.000   0.70 ± 0.06               0.60 ± 0.07                0.014
   Intermed HDL-c                                                 0.64 ± 0.02                 0.64 ± 0.02                   0.458   0.65 ± 0.03               0.62 ± 0.02                0.490
   Small HDL-c                                                    0.28 ± 0.02                 0.22 ± 0.02                   0.071   0.22 ± 0.02               0.21 ± 0.02                0.833
  Non-HDL-c, mmol/L                                               4.19 ± 0.13                 3.62 ± 0.10                   0.000   3.40 ± 0.10               4.12 ± 0.22                0.002
  Total-c/HDL-c ratio                                             4.38 ± 0.17                 3.56 ± 0.14                   0.000   3.31 ± 0.13               4.16 ± 0.34                0.000
  LDL-c/HDL-c ratio                                               2.86 ± 0.14                 2.21 ± 0.12                   0.000   2.00 ± 0.11               2.70 ± 0.28                0.000
  PON1 (nmol p-nitrofenol/mL/min)                                 513.96 ± 17.93              441.57 ± 16.09                0.008   429.63 ± 18.66            470.22 ± 31.27             0.274
                                                                                                                                                                                         
  Markers of inflammation, angiogenesis, and endothelial lesion                                                                                                                          
  hsCRP, *µ*g/mL                                                  0.24 ± 0.04                 0.33 ± 0.09                   0.019   0.22 ± 0.08               0.51 ± 0.20                0.002
  VEGF, pg/mL                                                     403.99 ± 56.57              325.82 ± 34.82                0.143   316.85 ± 41.15            342.27 ± 65.08             0.047
  TNF-*α*, pg/mL                                                  4.23 ± 0.50                 1.81 ± 0.27                   0.000   1.74 ± 0.41               1.93 ± 0.22                0.135
  Adiponectin, *µ*g/mL                                            9.88 ± 0.91                 10.87 ± 0.93                  0.015   10.88 ± 1.15              10.85 ± 1.61               0.195
  ICAM-1, ng/mL                                                   566.64 ± 177.37             555.06 ± 80.02                0.912   581.69 ± 125.52           524.63 ± 98.49             0.710
  Uric acid, mmol/L                                               0.36 ± 0.01                 0.25 ± 0.01                   0.000   0.24 ± 0.01               0.27 ± 0.02                0.130

Results are presented as mean ± SEM. *P*values adjusted for age and BMI. hsCRP: high sensitivity C-reactive protein; HDL-c: high-density lipoprotein cholesterol; ICAM-1: intercellular adhesion molecule 1; LDL-c: low-density lipoprotein cholesterol; Ox-LDL: oxidized low-density lipoprotein; PON1: paraoxonase 1; TGs: triglycerides; TNF-*α*: tumour necrosis factor alpha; Total-c: total cholesterol; VEGF: vascular endothelial growth factor.
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